INTRODUCTION
In the United States, more than 110 000 individuals with end-stage renal disease (ESRD) initiate renal replacement therapy each year; the prevalent United States dialysis population currently exceeds 430 000 patients [1] . Although many patients with ESRD have access to a range of dialysis modalities, more than 90% of patients undergoing maintenance dialysis use conventional in-center hemodialysis (ICHD) [1] . Home dialysis modalities, including both peritoneal dialysis and home hemodialysis (HHD), represent important alternatives to conventional ICHD for patients with ESRD. Over the past decade, growing evidence has supported the finding that outcomes for patients undergoing both peritoneal dialysis and HHD are as good or better than those for patient undergoing ICHD [2] [3] [4] [5] [6] .
Historically, annual per-person Medicare expenditures for ICHD have exceeded those for peritoneal dialysis, the dominant home dialysis modality [7] .
In 2009, the United States Centers for Medicare and Medicaid Services released a proposed rule for an expanded prospective payment system (PPS) for the Medicare ESRD program, a rule ultimately adopted and implemented on 1 January 2011 [8] . Under the expanded PPS, financial incentives to dialysis providers for home dialysis services were enhanced; subsequently, the trend for a historically low growth rate in the adoption of home dialysis modalities in the United States seems to have now reversed [1] . In this review, we discuss the changing landscape of
HISTORICAL TRENDS IN UTILIZATION OF HOME DIALYSIS IN THE UNITED STATES
In the decade prior to the introduction of the expanded PPS, the growth in the United States ESRD patient population was due almost exclusively to an exponential increase in the ICHD population. From 2001 to 2008, the total dialysis population in the United States grew from 294 731 to 383 337 patients [1] . Of this total change in the dialysis population, only 1.4% of the growth represented peritoneal dialysis patients (Fig. 1 ), and only 2.4% of the growth represented HHD patients ( Fig. 2 ). As of 2008, only 6.9% of the total prevalent dialysis population was being treated with peritoneal dialysis, and less than 1% were being treated with HHD. Over this same period, annual costs per patient for ICHD increased from $59 368 to $82 274. In contrast, annual costs per patient for peritoneal dialysis increased from $46 447 to only $62 166 [1] . There are no robust cost estimates for HHD treatment in the United States, although recent data from other developed countries suggest that, depending on treatment failure rates and training times, HHD can be an economically attractive option compared with ICHD.
Prospective evaluations of dialysis modality eligibility in patients with advanced chronic kidney disease have revealed that as many as 85% of patients are medically eligible for home dialysis, particularly peritoneal dialysis [9] . However, only one-third of ESRD patients beginning maintenance dialysis are presented with peritoneal dialysis as an option, and only 12% of patients are presented with HHD as an option [10] . Additionally, 25-40% of patients would choose a home dialysis modality if the option of home therapy was presented to them [11,12 & ]. Furthermore, the percentage of African-American and Hispanic United States ESRD patients treated with peritoneal dialysis has been consistently 20-40% lower than that of White dialysis patients over the past decade [1] . Given these findings, the secular trend of dialysis modality distribution prior to the implementation of the expanded PPS challenged modern standards of care quality in healthcare, including goals for care to be patientcentered, efficient, and equitable.
KEY POINTS
The majority of studies from contemporary cohorts have demonstrated no difference in survival for patients with ESRD when comparing in-center hemodialysis with home dialysis modalities.
In January 2011, Medicare implemented the ESRD expanded prospective payment system (PPS), which enhanced financial incentives for dialysis providers for home dialysis services.
These enhanced incentives for home dialysis include: add-on facility payments for the first 120 days of home treatment, inclusion of injectable drug costs in bundled payments, earlier Medicare coverage of eligible incident home patients, and increased payments for home dialysis training.
Subsequent to the implementation of the expanded PPS, growth in peritoneal dialysis utilization has accelerated; the impact of this policy change on the use of home hemodialysis is less certain. 
HOME DIALYSIS AND PATIENT OUTCOMES
The relationship between dialysis modality and clinical outcomes has been the subject of extensive research [13] . In general, the majority of published studies from contemporary cohorts have demonstrated either no difference in overall survival when comparing ICHD with home dialysis modalities, in particular peritoneal dialysis, or in some cases a lower risk for death for patients treated with home dialysis [3, 5] . Such findings have led to recent calls to promote a 'peritoneal dialysis first' approach when preemptive kidney transplantation is not an option, as a way to achieve benefit not only for patients, but also for providers and the larger healthcare system [14 && ].
Peritoneal dialysis
Given its higher prevalence relative to HHD, there are a large number of studies supporting the equivalence of peritoneal dialysis to ICHD with respect to clinical outcomes, including all-cause and causespecific mortality, hospitalizations, infectionrelated complications, and quality of life. Prior to the last decade, many observational studies of the association between dialysis modality and subsequent clinical outcomes suggested a higher risk for death for patients treated with peritoneal dialysis over the long term. The large majority of these studies used data from patients undergoing dialysis prior to 2000; the applicability of such historical data in the present era had been questioned and has prompted comparative effectiveness studies using more recent data. Mehrotra et al. [3] used data from the United States Renal Data System to analyze survival data for patients initiating either hemodialysis or peritoneal dialysis in 2002-2004. Using a marginal structural model analysis, they demonstrated no significant overall difference in mortality risk in peritoneal dialysis patients compared with hemodialysis patients, and found improvement in outcomes in peritoneal dialysis patients in multiple subgroups of patients [3] . Yeates et al. [15] analyzed data from the Canadian Organ Replacement Register and compared outcomes for patients initiating peritoneal dialysis as compared with hemodialysis in Canada from 1991 to 2004. Although analysis of the entire cohort found that hemodialysis had higher overall survival after 36 months of treatment, for patients entering the cohort between 2001 and 2004, the risk for death was lower for peritoneal dialysis patients during the first 2 years, and was equivalent thereafter irrespective of dialysis modality. Similarly, Weinhandl et al. [6] used a matched-pair cohort study design to study patients initiating dialysis in 2003, and found improved overall survival in patients initiating peritoneal dialysis compared with hemodialysis. Similar data are available from nationally representative data from Australia and New Zealand, Brazil, and Taiwan. Patients on peritoneal dialysis also appear to have greater satisfaction with their overall care, as well as on the impact of dialysis on their quality of life relative to patients undergoing hemodialysis [16, 17] .
Home hemodialysis
Over the past decade, there has been resurgence in interest in HHD, not only because of the advent of the simple-to-operate systems, such as the System One machine (NxStage Inc., Lawrence, Massachusetts, USA), but also because of growing evidence that patients undergoing HHD have similar or better outcomes relative to patients undergoing ICHD [18] . The NxStage machine uses low dialysate volumes with slow dialysate flow rates and has been shown to have solute kinetics that compare favorably with conventional hemodialysis [19] . The NxStage machine can be used both for home short daily hemodialysis and for home nocturnal hemodialysis.
Only two published randomized clinical trials have compared outcomes in patients undergoing frequent HHD and conventional ICHD. It is important to note that neither of these two clinical trials used the NxStage System; instead they used conventional hemodialysis platforms. Culleton et al. [20] randomized 52 patients at two Canadian academic medical centers to conventional ICHD versus frequent nocturnal HHD, and found significant improvements in left ventricular mass, systolic blood pressure, and markers of mineral metabolism, as well as a greater reduction in antihypertensive medications in the HHD group compared with the conventional ICHD group [20] . Rocco et al. [21] randomized 87 patients to three times weekly conventional ICHD or to nocturnal HHD size times per week as part of the Frequent Hemodialysis Network Nocturnal trial. Over the study follow-up, patients assigned to frequent HHD had improved control of hypophosphatemia and hypertension, but had similar findings for the coprimary outcomes of death or left ventricular mass change, and death or change in the 36-Item Short Form Survey (SF-36) physical health composite score. There have been no published randomized trials of patients undergoing short daily home hemodialysis in the United States, although multiple observational studies have shown a lower risk for death compared with patients undergoing conventional ICHD [2, 5, 22, 23] . These studies have many limitations, as do all observational studies, including concerns regarding residual confounding and various biases. Further clinical trials are needed to clarify whether HHD is robustly associated with improved clinical outcomes compared with ICHD or peritoneal dialysis.
THE PROSPECTIVE PAYMENT SYSTEM AND HOME DIALYSIS INCENTIVES
Historically, the Medicare ESRD program has incentivized home dialysis through a number of different mechanisms. First, payment to both physicians and dialysis providers for inpatient hemodialysis and peritoneal dialysis services is identical, although the costs for delivery of dialysis are lower for peritoneal dialysis treatment compared with hemodialysis treatment [24] . Second, for new uninsured Medicare-eligible but uncovered ESRD patients, insurance coverage begins after a 90-day waiting period for patients initiating ICHD. This waiting period is waived for patients initiated on home dialysis modalities, with coverage retroactively applied to the first day of the month. Third, nephrologists receive a one-time additional payment from Medicare for the oversight of training of home dialysis patients, a payment that is not provided to physicians for patients initiating ICHD. Additionally, physician reimbursement from Medicare for a single monthly face-to-face visit with a home dialysis patient is equal to the payment for 2-3 monthly visits for ICHD patients. Furthermore, this one-visit requirement can be waived by Medicare fiscal intermediaries on a case-by-case basis, provided that the patient's physician has documented that he or she has 'actively and adequately managed' the patient's care. However, even with these payment incentives, numerous factors have been identified as potential reasons for the low utilization of home dialysis modalities [25, 26] . First, ICHD patients require a greater frequency and doses of injectable medications, such as erythropoiesis stimulating agents (ESAs), than those treated at home. In a system in which payments, and hence profits, depended on a greater use of injectable medications, the profitability for providers from patients undergoing ICHD was greater. Second, given fixed overhead costs for ICHD dialysis chairs, profitability is maximized when all open slots are filled with dialyzing patients. Third, home dialysis training reimbursement to facilities may have been inadequate to cover the actual costs of such training. Fourth, graduating nephrology fellows often have not been adequately trained in the provision of home dialysis, and thus may preferentially encourage patients to use ICHD [27] . Finally, many patients do not undergo dialysis modality education, and in many cases are not offered peritoneal dialysis or HHD as options.
With the implementation of the expanded Medicare ESRD program PPS on 1 January 2011, multiple new incentives were created to promote expansion of home dialysis services in the United States. Overall, the ESRD PPS replaced a mixed payment system that combined a bundled composite rate payment for narrow dialysis treatment-related services with separately billed fee-for-service payments for injectable medications and additional laboratory services. The expanded PPS now includes these previously separately billable items (including ESAs), and uses a case-mix adjustment, as well as adjustments for outlier cases, facility size, and geographic wage variation. There were several key stated rationales for the expanded PPS from the Medicare perspective [8] . First, the expanded PPS eliminated the incentive to overuse profitable separately billable drugs, such as ESAs, vitamin D receptor activators, and iron compounds. Second, the expanded PPS was meant to promote operational efficiency and enhance the overall quality of care delivered to the ESRD Medicare population. Third, the new PPS was intended to encourage the use of home dialysis by removing the incentive to use separately billable medications as a revenue source and by standardizing payments across modalities.
The expanded PPS incentivizes home dialysis for dialysis facilities in different ways. Injectable drugs, such as ESAs, are now included in bundled payments, and thus the expanded PPS created a financial incentive to reduce utilization and doses of these medications. Given that patients undergoing home dialysis, particularly peritoneal dialysis, tend to receive substantially lower ESA doses for the same achieved hemoglobin levels, this translates into an incentive for dialysis facilities to encourage patients to choose peritoneal dialysis [28] . Although at least one study has shown that frequent hemodialysis does not result in lower ESA dose requirements, further research is needed regarding potential cost savings with respect to injectable drugs for HHD patients [29] . In addition to potential cost savings from lower utilization of injectable drugs, dialysis facility payments include a 51% add-on payment for the first 120 days of treatment. Whereas Medicare coverage of currently eligible but previously uncovered patients starts only 90 days after date of first dialysis, coverage for patients who chose to dialyze at home begins on the first day of the month of start of dialysis. This waiver for home dialysis has hence become a stronger financial incentive for home dialysis than in the past. Furthermore, in 2013, a 50% increase to the home dialysis training add-on adjustment payment was announced, effective in 2014 [30] .
The economic implications for dialysis facilities of the changing landscape of financial incentives around home dialysis are complex. Hornberger and Hirth [25] recently assessed the implications for modality choice of the expanded PPS on monthly revenue and costs to dialysis facilities. In their analysis, they modeled the incentives under the expanded PPS by applying the new rule to a hypothetical dialysis facility with 20 hemodialysis stations, running six shifts with 80 patients (including open capacity), along with a 16 peritoneal dialysis patients and one peritoneal dialysis nurse (also with open capacity). Assuming an average of 2.8 paid treatments per week, under the old composite rate payment system, they found that an additional ICHD patient would generate an operating margin of $76, compared with -$185 for peritoneal dialysis, and -$964 for HHD. In contrast, under the new PPS, one additional ICHD patient would generate a margin of $86, compared with $201 for peritoneal dialysis and -$796 for hemodialysis. Thus, the new PPS is expected to result in better operating margins for dialysis facilities for all modalities, but with peritoneal dialysis having the most substantial gain and leading to a clear financial advantage to provision of peritoneal dialysis services. Additional analyses showed that potential profitability of HHD was dependent on the number of treatments paid for by the fiscal intermediary, a number that varies considerably across the country, ranging from 3.2 to 4.8 treatments per week.
LOOKING FORWARD: EMERGING TRENDS IN UTILIZATION OF HOME DIALYSIS
The latest data regarding incident and prevalent ESRD patients reported in the 2013 annual data report of the United States Renal Data System are for 2011, the year of implementation of the expanded PPS. However, analyses of modality distribution have noted substantial growth in the use of home dialysis, particularly in patients in their first year or two of dialysis treatment, prior to implementation of the bundle [31] . Out of all prevalent dialysis patients, the percentage of patients treated with peritoneal dialysis remained constant at 6.9% from 2008 to 2009 (Fig. 1) . In 2010, this percentage climbed to 7.2%, before jumping to 7.7% in 2011. The total number of prevalent peritoneal dialysis patients grew from 26 595 in 2008 to 32 944 in 2011, representing a substantial 24% growth. That an increase in peritoneal dialysis growth occurred immediately prior to implementation of the PPS may have represented a shift in anticipation of favorable financial incentives for dialysis facilities, although this has not been well studied. Unpublished reports seem to suggest that the rate of growth in the peritoneal dialysis population in the United States has only accelerated.
In contrast to peritoneal dialysis, there was a slow and steady climb in the number of prevalent HHD patients between 2008 (3415) and 1011 (5535), without an inflection point or significant change in the growth rate either immediately preceding or coincident with the implementation of the expanded PPS (Fig. 2) . However, the proportional use of HHD continues to increase relative to all dialysis patients, with 1.3% of prevalent patient using HHD in 2011 compared with 0.9% in 2008. Ongoing monitoring is needed to assess the continued impact of the expanded PPS on dialysis modality distribution.
CONCLUSION
The growth of home dialysis in the United States has the potential to enhance the patient-centeredness of therapy for patients with ESRD, while maintaining clinical effectiveness, and potentially offering substantial cost savings. Going forward, further research on comparative effectiveness of dialysis modalities, as well as health services research around patient preferences and values regarding dialysis modality choices, will be critical to understanding which patients will benefit best from home dialysis therapy. To achieve well-tolerated and maximally effective growth in home dialysis, it will be critical to adequately train the next generation of nephrologists through improvements in training in home dialysis for nephrology fellows. Additionally, determining appropriate healthcare quality metrics for home dialysis will be an important challenge in the coming years, given that the existing Medicare ESRD quality incentive program has been designed for ICHD, with only a subset of measures applicable to home dialysis patients. New platforms for the delivery of home dialysis, such as the Wearable Artificial Kidney (Blood Purification Technologies Inc., Beverly Hills, California, USA), are actively being developed, and will provide exciting new possibilities over the coming decade to improve the lives of patients living with ESRD.
In summary, the expanded PPS has already had a significant impact on the utilization of peritoneal dialysis in the United States. Although HHD utilization has grown, the contribution of the expanded PPS to this growth is less certain. There is a need to maintain continued oversight of clinical effectiveness, racial and ethnic disparities, and differential costs with the changing landscape of delivery of dialysis therapy.
